Graves' disease (GD) is an autoimmune disease characterized by excessive autoantibody formation by the lymphocyte B cells (B cells). The autoantibodies will bind to Thyroid Stimulating Hormone receptors (TSHR) and enhance the production of thyroid hormone. Previous studies indicate that the impairment of immune response in GD happens in several points in the adaptive immune response, particularly the profile of the intrathyroidal dendritic cells (tDC), the imbalance of T helper-1 (Th1) and T helper-2 (Th2), the Th17 cells that act as pro-inflammatory cells and the dysfunction of immune modulating T regulator (Treg) cells. [6] [7] [8] [9] [10] [11] Vitamin D is a steroid hormone which has pleiotropic effects. The role of vitamin D in bone and calcium metabolism is already established. The discovery of vitamin D receptor (VDR) in immune cells such as monocytes/macrophages, T cells and B cells, demonstrates that vitamin D may influence innate and adaptive immune process. Recent studies try to explore the relationship between vitamin D and autoimmune disease, furthermore they consider vitamin D as a modifiable environmental factor in autoimmune diseases. 13, 40 Most people with autoimmune diseases have lower vitamin D level than that of healthy subjects. Vitamin D level also has been associated with disease activity of Systemic Lupus Erythematosus (SLE) and Rheumatoid Arthritis (RA).
Background
Graves' disease (GD) is an autoimmune disease that mostly affects individuals within their reproductive age. The pathophysiology of GD has not yet been fully explained. Similar to other autoimmune diseases, the autoimmune process in Graves' disease is initiated by the failure of tolerance for autoantigens which triggers a series of adaptive immune responses. The result is an excessive formation of autoantibodies. [3] [4] [5] Several animal and human studies show there are some changes in adaptive immune responses in GD including the dominance of the TH2 pathway, the increase of pro-inflammatory TH 17 cells, the decrease of T regulator cells and the increased activity of intrathyroidal dendritic cells (tDC). [6] [7] [8] [9] [10] [11] Associated with this immune response, vitamin D is a hormone that has a non-classical effect as an immunomodulator. [12] [13] [14] Biological effects of vitamin D are mediated by the vitamin D receptor (VDR). VDR is found on immune cells including DC, lymphocytes, macrophages and NK cells. [15] [16] The enzyme vitamin D 1α-OHase, that converts vitamin D 25 (OH) into its active form vitamin D 1,25 (OH), is also borne by cells/organs other than the kidney. Since immune cells also use this enzyme, vitamin D could potentially influence the immune response in autoimmune diseases 14, [16] [17] The role of vitamin D in autoimmune diseases is still controversial. 18 A possible relationship starts from epidemiological findings that autoimmune diseases are more often found in low latitude areas with low sunlight exposure. Populations with autoimmune diseases tend to have lower level of vitamin D than that of normal population. Experimental animal and human studies regarding vitamin D therapy on autoimmune disease also provide controversial results. In rheumatoid arthritis and SLE, vitamin D therapy reduces the incidence and disease activity. Vitamin D therapy in Crohn's disease lowers the activity of DC. 13, [18] [19] Although the profile of the adaptive immune response in Graves' disease has been reported several times, [6] [7] [8] [9] [10] [11] the role of vitamin D in adaptive immune response in GD is unknown. Studies of vitamin D on GD reported by Yasuda and Yamashita reports that the concentration of vitamin D in GD is lower than normal subjects. Furthermore, the concentration of vitamin D in intractable GD were lower than that of remission GD. [20] [21] [22] It is not known whether vitamin D levels influence the occurrence or remission state of GD. This paper will talk about the immunological profile of GD and the possible role of vitamin D as an immunomodulator .
Metabolism and physiology of vitamin D Figure 1 . Stages of vitamin D status 29 The figure explains the relationship between vitamin D concentrations with its functional ability in the absorption of calcium. The concentration of vitamin D 25 (OH) <12.5 nmol/l (<5 ng/dl) define vitamin D deficiency. The optimal functional capability of vitamin D 25 (OH) will be achieved at concentrations close to 75 nmol/l (30 ng/dl).
A meta-regression analysis showed vitamin D 25(OH) level approaching insufficiency criteria i.e., 54 ± 1.3 nmol/l globally. Based on the incidence of secondary hyperparathyroidism, vitamin D 25(OH) level <50 nmol/l denotes insufficiency and vitamin D 25(OH) level <25 nmol/l denotes deficiency.
The level of vitamin D 25(OH) in Northern Europe and Southeast Asia are the highest, and the lowest levels are in Latin America and Southern Europe. 30 In South Asia, the prevalences of vitamin D insufficiency range from 78 to 96%, and in Southeast Asia, the prevalences of vitamin D deficiency range from 47 to 92%. The mean vitamin D level among premenopausal women in Indonesia and Malaysia is 48 nmol/l (equivalent to 19.2 ng/dl). 31 Vitamin D is a hormone that has pleiotropic effects. Aside from its role in calcium and bone metabolism, vitamin D also possesses non-classical effects in the cardiovascular, reproductive and immune system. Most of the biological activities of 1,25(OH)2D3 are mediated by the Vitamin D Receptor (VDR), a high-affinity receptor that acts as a ligand-activated transcription factor. The immunomodulatory effects of vitamin D begins with the discovery of VDR on immune cells such as dendritic cells (DCs), macrophages and lymphocytes. In addition, immune cells also have 1α-hydroxylase vitamin D which can convert vitamin D 25(OH) into the active form, vitamin D 1,25(OH)2. [13] [14] 32 The ability of the immune cell to convert vitamin D 25(OH) into the active form is an autocrine mechanism that maintains their regulatory functions and demonstrates the importance of vitamin D adequacy in the immune system. 14
Vitamin D and innate immune response
Vitamin D 1,25(OH)2 may increase the antimicrobial property of monocytes and macrophages by increasing the ability of their chemotactic and phagocytic process. Monocytes and macrophages are able to respond to pathogen-associated molecular patterns (PAMPs) of several types of infections as well as pattern-recognition receptors such as Toll-like receptors (TLRs) and they are the first defense mechanism against a microbial attack. In addition, through VDR, vitamin D 1,25 (OH) 2 also increases the regulation of cathelicidin HCAP-18 gene. 32 The role of vitamin D in enhancing the innate immune response is demonstrated in the elimination process of Mycobacterium tuberculosis (M.TBC). This process is initiated by TLR activation of monocytes and macrophages which then increases the expression of VDR gene and other genes that lead to induction of cathelicidin antimicrobial peptide (CAMP). 32 Corollary to this, during the wound healing process, the level of CYP27B1, which converts vitamin D 25(OH) into vitamin D 1,25(OH)2, increases in the wound. It stimulates the expression of cathelicidin, TLR2 and CD14 and activates the innate immune response. 13 Aside from stimulating the antimicrobial activities of immune cells, vitamin D 1,25(OH)2 also inhibits the expression of TLR2 and TLR4 in monocytes, thus reducing their response to PAMP. The mechanism will disappear after 72 hours of microbial exposure, and serve as a negative feedback mechanism to prevent excessive TLR stimulation in the later stages of infection. 32
Vitamin D and adaptive immune response
In the adaptive immune response, vitamin D influences DC, T cells and B cells. The dendritic cell, the main target of 1,25(OH)2D, is a potent antigen-presenting cell (APC) which is capable of capturing, processing, and presenting antigen to T cells. Vitamin D Receptor signaling pathway activation inhibits DC maturation as evidenced by decreased levels of DC marker, MHC-class II, costimulatory molecules (CD40, CD80, CD86) as well as 13, [33] [34] The differentiation of monocytes (DC precursors) into macrophages or DC is followed by decreasing VDR expression so that the mature DC become less sensitive to the effect of vitamin D 1,25 (OH). The mechanism aims to balance the activity of immune response. 32, 35 Vitamin D 1,25(OH)2 also regulates the expression of DCderived chemokines and cytokines, which inhibits the production of IL-12 and IL-23 (primary cytokines in the differentiation of Th1 and Th17 pathway), increases the release of IL-10 (cytokines with broad anti-inflammatory activity) and increases release of chemokines MIP-3a/CCLL22 (chemokines which play a role in the recruitment of CCR4 expressing Treg). In addition, by modulating DC-derived cytokines, 1,25(OH)2D influences the balance of Th-derived cytokines by inhibiting the production of inflammatory Th1 (IFN-γ, IL-2) and Th17 (IL-17 and IL21) pathways and promotes the Th2 phenotype. 32 With respect to tolerance and the autoimmune process, 1,25(OH)2D can enhance Treg cells and promotes tolerogenic DC and then influences the tolerance process in transplantation and prevents the development of autoimmune diseases. 13 Jeffery et al., investigated the role of 1,25(OH)2D on Treg cells and proinflammatory cytokines using healthy donor blood cultures. They showed that stimulation of 1,25(OH)2D on Treg inhibits the production of several cytokines such as IFN-γ, IL-21 and IL-17. Also, 1,25(OH)2D stimulates the expression of FoxP3 and CTLA-4 on Treg cells with the help of IL-2. The addition of IL-2 alone in the culture medium did not significantly increase the expression of Foxp3. But, if the addition of IL-2 is accompanied by 1,25(OH)2D, there was a sharp increase (two fold) in the expression of Foxp3 and CTLA-4 in Treg cells. It showed that 1,25(OH)2D and IL-2 have a synergistic effect on activated T cells, serves as a powerful anti-inflammatory, and can stimulate physiological adaptive Treg cells. 36 Boonstra did an experimental animal study using naive CD4 Mel14 T cells with plate bound antiCD3 and soluble anti-CD28 mAb in the presence or absence of vitamin D3. The cells were repeatedly stimulated, and their cytokines developed into a highly polarized Th2 population when cultured with vitamin D3, similarly to cultures with APC. Although APC is the immunomodulatory target of vitamin D3, vitamin D3 can also directly stimulate the TCR, influence the polarization of naive T cells and then inhibit Th1 pathway (IFN-γ production) and increased Th2 pathway (IL-4, IL-5 and IL-10). This is the first study that shows the direct effect of vitamin D3 on Th cells in the absence of APC. 37 Mahon showed that the targets of vitamin D depends on the differentiation and activation status of T-cells. Since naive T cells have little VDR, they are relatively unresponsive to vitamin D 1,25(OH)2 in the first 24 hours of activation. 38 Although T cell activation will stimulate B cells, 1,25(OH)2D can directly affect B cells through the inhibition of the proliferation and differentiation of plasma cells, the inhibition of Ig secretion, the improvement of B cell memory and the stimulation of B cell apoptosis. A study by Heine using healthy donor blood cultures showed that B cells can regulate immune response by producing 1,25 (OH)2D through an autocrine mechanism as well as increase the expression of IL-10 by B cells alone, T cells and DC. IL-10 is a pleiotropic cytokine that inhibits antigen presentation by DCs and macrophages and also inhibits T cell activation. In addition, IL-10 inhibits the migration of B cells and stimulates them to change into plasmablasts. 32, 39 and decrease the expression of TLR-2 and TLR-4. Vitamin D also prevents the excessive production of proinflammatory cytokines. To the adaptive immune cells, vitamin D is able to decrease the expression of costimulatory molecules, MHC-II and the cytokine IL-12, as well as improve the function of T reg cells by increasing cytokine IL-10. Vitamin D also has a direct effect on CD4 T cells to shift the immune response to the Th2 pathway and Treg.
Vitamin D and Autoimmune Disease
Although immune cells have VDR and enzyme 1α-OHase, the role of vitamin D in autoimmune disease is still controversial. 13, 40 Epidemiologic study demonstrated the effect of vitamin D deficiency on the incidence of multiple sclerosis (MS), diabetes mellitus type 1 (DM1), inflammatory bowel disease (IBD), rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE). 27, 31 In observational ecologic studies, some autoimmune diseases such as IBD, MS, RA are more common in the northern latitudes which have low sunlight exposure. Besides that, MS has a correlation with winter births (maternal vitamin D status during pregnancy is low) and disease recurrence is more frequent in winter. 23, [40] [41] Prospective studies showed that 25(OH)D levels are associated with RA incidence, DM1 and MS. It is not clear whether a low concentration of vitamin D is the result of autoimmune disease or is a cause of autoimmune disease. 41 A systematic review reported the association between vitamin D and the risk of autoimmune disease and effects of vitamin D supplementation on their clinical presentation. The study showed vitamin D could prevent the incidence of DM1. Physiopathologic studies show that among individuals who have a genetic risk factor, hypovitaminosis D can impair tolerance. [41] [42] [43] The role of oral supplementation of vitamin D in autoimmune disease was also reported in SLE, RA and IBD. 44 Studies in Malang, Indonesia, showed the serum vitamin D 25(OH) level of SLE patients were significantly lower than that of healthy subjects (22.80 ± 16:23 ng/dl vs. 35 .15 ± 7.61 ng/dl, p = 0:00). As many as 55.5% of SLE patients have vitamin D deficiency and the levels are inversely correlated with antibody level (anti-ds-DNA and anti-vitamin D). 45 A systematic review showed that vitamin D can improve several sign and symptoms of the disease, but is not necessarily related to the severity of the disease. 42 The role of vitamin D on DC profile in autoimmune diseases has not been widely reported. Handono reported a negative correlation between vitamin D 25(OH) level with the expression of DC maturation markers (CD11c +, CD40, CD83 and CD86) in SLE. 35 In Crohn's disease, the intervention of vitamin D 25(OH) or vitamin D 1,25(OH)2 in monocyte-derived dendritic cells culture (MDDC) impairs the maturation of DC, which is characterized by decreased expression of HLA-DR molecules, CD80, CD83, CD86 and increased expression of CD14. In addition to this, intervention of vitamin D in vitro also decreased the production of proinflammatory cytokines such as tumor necrosis factor-α (TNF-α), IL-12 and IL-10 but elevates IL-6. 46 Aside from the vitro study, Bartels also gave vitamin D,1200 IU/day of vitamin D3 for six months to Crohn's disease patients. Before and after administration of oral vitamin D3, he analyzed DC maturation and cytokine production. Oral administration of vitamin D impairs the maturation of DC shown by decreasing expression of CD80 molecules. 19 Besides impairing the expression of CD80, the concentration of inflammatory cytokines, TNF-α and IFN-γ, also decline. 19, 46 Vitamin D intervention on DC maturation has also been reported in SLE patients, it decreased the expression of HLA-DR, CD40 and CD86. 47
Autoimmune Thyroid Disease (AITD)
Graves' disease is characterized by excessive autoantibodies that bind to the TSHR in thyroid cells and stimulates thyroid hormone production resulting in hyperthyroidism. 5, 48 It is the most common cause of hyperthyroidism (60-80%), affecting mainly women aged 40 to 60 years. The pathogenesis is still not fully understood but genetic predisposition and environmental factors leads to disruption tolerance to self-antigens and triggers an autoimmune thyroid disease AITD. 49
Tolerance and autoimmunity
Under normal conditions, the immune response will protect the body from foreign proteins and is able to tolerate self-antigens through central and peripheral tolerance. The first defense mechanism against autoimmunity is that not every Ag is able to stimulate T cells, but only Ag presented by specific MHC molecules.
Central tolerance occurs in the thymus gland, if the body eliminates autoreactive T cells and T cells that interact with immature DC. However, not all T cells will be destroyed in the thymus, some will escape into the peripheral circulation.
In peripheral tolerance, at steady state (prior to infection and inflammation), DCs are in the immature state and will be able to recognize self-antigens or foreign weak Ag (protein) and create tolerance to the Ag. This stage is important because the DC should be able to distinguish between self-antigens and foreign potent Ag. When there is an infection or inflammation, the environment around the DC changes, with an increase of proinflammatory cytokines that stimulates the maturation of DC. Once mature DC develop, the potential self antigens can potentially trigger adaptive immune responses against self www.asean-endocrinejournal.org Vol. 29 No. 1 May 2014 Dyah Purnamasari, et al antigens (autoimmunity). However, if the tolerance to selfantigens have occurred prior to the infection, the immune response to self-antigens can be prevented. The failure of tolerance to self-antigens will induce autoimmune diseases. [50] [51] DC maturation plays an important role in the process of tolerance and autoimmunity by changing the nature of the iDC, which has ability to capture antigens but are not immunogenic, into DC which have weak endocytic ability but are immunogenic [DCs are able to stimulate effector T cells (CD4, CD8) and raise the production of cytokines that supports a subsequent immune response (IFN-γ)]. 51 Beside inducing tolerance, in vitro studies showed that repeated stimulation of T cells with iDC will develop a population of T cell that produce IL-10 (Treg cells). Based on the description above, the iDC plays an important role in central and peripheral tolerance. [52] [53] 
Immune Response in GD
The initial immune response in GD requires both a specific and non-specific signal. Ag-specific signals are exogenous or endogenous, whereas the non-specific signals are costimulatory signals and inflammatory cytokines. Endogenous sources can be the dead-thyrocyte, whereas exogenous signals can be either viral or bacterial. The TSH receptor undergoes a posttranslational split, forming 2 subunit structures with subunit A serving as a self antigen. The adaptive immune response in GD starts with the presentation of this specific Ag signal (exogenous or endogenous) by DCs, to T cells. 48, 54 In the early stages, T cell receptors (TCR) on the surface of T cells interacts with MHC-peptide complexes on the APC. After this stage, naive T cells require subsequent signals to activate processes.
The next stage is the interaction between CD28 on the T cell surface and costimulatory molecules CD80/CD86 on the APC. The existence of two signals (TCR with MHCpeptide and CD28 with CD 80/CD86) will activate naive T cells and subsequent immune response that lead to the formation of antibodies by B cells. 55 In addition to potent APC, the autoimmune process is also triggered by environmental factors, including immune cell-produced by cytokines due to Ag stimulation. The cytokines (IL-1β, TNF-α, IL-12, IFN-γ, IFN-α, IL-13, etc.) will increase the efficiency of the antigen presentation by increasing the expression of MHC and costimulatory molecules on APC. If there are no inflammatory cytokines, the costimulatory signal appears weak or absent, then the antigen presentation is suboptimal and induces the tolerance process. 48
Dendritic Cells in GD
Kabel et al., compared the profile of tDC in GD and in normal thyroid glands. The study involved thyroid tissues of 13 GD patients who underwent surgery and 9 normal thyroid tissue (6 specimens were obtained at laryngectomy (laryngeal carcinoma and 3 specimens were obtained from autopsy). They were able to show normal human thyroid glands contain fewer population of mononuclear cell (MNC) which reacted strongly positive for class II MHC markers, similar with the morphologic characteristic of DC. This MNC did not react to RFD1 and L25 markers (markers characteristic of DC on secondary lymph organs which are actively involved in immune response). These findings suggest that there is a small number of DC in normal thyroid gland but they are not actively involved in the immune response and in antigen handling. The tDC serve to remove foreign objects and materials that have been damaged by the thyroid to the thyroid-draining lymph nodes. In thyroid glands of GD, there are more tDC and they react more positively to markers RFD1 and L25, which were shown to be actively involved in the immune response including autoantigen handling. Some tDC are even seen to interact with lymphocytes in the thyroid gland. The results of this study correlated with a previous animal study on laboratory rats, were the number of tDC was increased and it preceded the appearance of anticolloid antibodies in the circulation. 11 The DC are found outside the thyroid gland, in draining lymph nodes around the thyroid and lymph vessels. A series of general immunological processes follows: tDC captures antigen (as immature DC) and brings the antigen to the lymph nodes for presentation to T cells (transform to mature DC). The migration process of mature DC is followed by the expansion and maturation of T cells and B cells in the lymph channels, even infiltrating the thyroid gland. 48 Fourteen years later, Quadbeck examined several types of DC in Graves' thyroid glands. Quadbeck's study involved thyroid tissues of 15 GD patients who underwent thyroid surgery. The results showed that there were three populations of t-DC: 1) Immature t-DC (MHC II+/CD40-/CD80-) found in perifollicular thyroid tissue, 2) Partially mature CD80+ t-DC located in connective tissue and interstitial clusters, and 3) Mature t-DC (MHC II+/ CD40+/CD80+/RFD1+) were in clusters and adjacent/interacting with activated Th cells (CD4+/MHC-II+). Immature t-DC were also found in venous capillaries. The number of immature t-DC in GD patients were higher than that of healthy subjects and toxic adenoma (toxic goiter, TG), respectively: 95%; 55%; and 51%. It means that the t-DC in some GD patients undergo maturation in clusters (groups) which resemble lymphoid tissue. The maturation of t-DC in these clusters is also supported by the intimate contact between t-DC and CD4+/MHC class II+ Th cells. The expression of HLA-DR by thyrocytes were elevated, which might indicate the cooperation between DC, macrophages and thyrocytes in triggering autoimmunity in GD. 10 The role of DC and the association between DC and Treg in GD was investigated by Mao et al., involving 77 untreated Graves' disease (uGD) 13 euthyroid patients with ATD (euthyroid graves' disease, eGD), 15 patients with euthyroid Hashimoto's thyroiditis (euthyroid Hashimoto, eHT) and 74 healthy controls. The study showed that the proportion of Treg cells in the uGD is lower (1.57±0.67% vs 3.36±0.96%, p<0.001) than that of the healthy controls, but not in the eGD group (2.98±0,88%) and eHT (3.09±1.02%). Although the number was lower, the function of T-reg cells in uGD was maintained. Moreover, the proportion of T-reg cells was also negatively correlated with TSHR antibody level in the uGD (r=-0.735, p<0.001). The proportion of costimulatory molecules CD86, CD80 and CD40 increased in the uGD when compared with the control group. The proportion of pDC in the uGD was significantly higher than that of control group (41.95±8.39% vs 32.85±8.02%, p<0.001), eGD group (31.63±7.07%, p<0.001) and HT group (28.50±3.96%, p<0.0001). Furthermore, the pDC/DC ratio in the uGD was the highest and the ratio of pDC/DC is negatively related to the proportion of T-reg cells (r=-0.689, p<0.001). This phenomenon showed that there was polarization of pDC among uGD that might play a role in reducing the proportion of T-reg cells. Since plasmacytoid DC (pDC) is a major producer of IFN-α, the increased proportion of pDC will raise the cytokines IFN-α in the uGD. The T-reg cells undergoing apoptosis in the uGD with IFN-α dependent mechanism.
Th1 and Th2 Profile in GD
GD patients have predominant Th2 cytokines and increased Th17 cells. The Th2 pathway will secrete IL-4 that will activate B cell-producing antibodies. 54 The imbalance of Th1 and Th2 pathways in GD patients is demonstrated by several studies that investigated the Th1 and Th2 cells derived cytokines, either in the thyroid gland or peripheral blood vessels. To see the differences of intrathyroidal cytokine mRNA production between autoimmune and non-autoimmune thyroid disorders, Heuer et al., analyzed cytokine mRNA expression levels in thyroid tissue samples from 13 GD subjects, 2 HT subjects, 5 multinodular nontoxic goiter (MNNT) subjects and 4 TA subjects. The GD patients are divided into two groups based on the titer of antibody as follows: antithyroperoxidase (anti-TPO) > 4000 U/mL called GD high and anti-TPO < 200 U/mL called GD low. The results showed that the GD high group had higher IL-4 mRNA concentration as much 2-4 times more than that of among GD low group. Furthermore, the concentration of IL-10 mRNA among GD high group were significantly higher than that of other groups. The concentrations of IFN-γ, IL-1/3, IL-8 and CD25 mRNA among GD high group were also significantly higher than those in the GD low group. The highest level of IFN-γ, IL-2 and CD25 mRNA were found among the HT group, while the lowest level of mRNA were found among the TA group. The study showed that among GD high group, there was a shift to Th2 pathway, whereas among HT group the Th1 pathway was pronounced which indicate the dominant T cell mediated cytotoxic process. 6 Phenekos et al., documented the pattern of immune response in GD by measuring both Th1 and Th2 serum cytokine profiles among patients suffering from autoimmune disease and toxic nodular goiter. The study involved 25 normal subjects (control) and 43 patients. Twenty-five patients suffered from GD, 21 from HT and 7 from toxic nodular goiter. Measured serum cytokines by enzyme-linked immunosorbent assay (ELISA) included: IL-2, IL-1β, IFN-α, TNF-β, IL-12, IL-5, IL-10, IL-8, IL-4 and IL-5. The study showed that GD subjects had a higher level of IL-4 and IL-5 than those of the other groups, while the HT subjects had a higher level of IL-2, IFN-γ, IL-12 and IL-18 than those of the other groups. It means that GD subjects had dominant Th2 cytokine pathway, whereas HT subjects had dominant Th1 cytokine pathway. 9 The role of Th1/Th2 pathway mechanism in the pathogenensis of GD was also examined in experimental animals by Nagayama et al. Hyperthyroidism is induced by using an adenovirus that expresses human TSHR A subunit. The study showed that the disruption of IFN-γ and IL-4 in BALB/c mice will prevent hyperthyroidism. 7 In addition to the proportion of Th1 and Th2 cytokine profile, Nanba et al., reported that there was an increase of Th17 cells expression among GD patients which has proinflammatory activity. The study involved 17 patients with Hashimoto's thyroiditis (Hashimoto thyroiditis, HT) who received thyroxine (severe HT), 17 patients with Hashimoto 's thyroiditis without thyroxine (mild HT), 18 euthyroid GD with anti-thyrotropin receptor antibody (TRAb) positive after 5 years of anti-thyroid drug therapy (intractable GD), 17 euthyroid GD patients with negative TRAb for more than 2 years after stopping anti-thyroid drug treatment (GD in remission) and 10 control subjects. The study reported that the proportion of Th2 cells among the intractable GD group and mild HT were significantly higher than that of the control group. The ratio of Th1/Th2 cells in severe HT was higher than that of mild HT. The proportion of Th17 cells in patients with intractable GD and GD remission were higher than that of control group. Furthermore, the proportion of Th17 cells in intractable GD group was higher than that of GD with remission. 8
Vitamin D in GD
The relationship between vitamin D status with GD is not widely reported. From the point of view of genetic studies, a meta-analysis reported an association between VDR polymorphisms with GD in Asian populations, but not in the Caucasian population. 57 The Yamashita study in Japan involving 208 GD patients showed that the prevalence of vitamin D deficiency among female GD reached 39.7%, it was higher than that of males, by as much as 17.8%. This prevalence is influenced by seasonal change, the highest prevalence is 60%, during April to June; the lowest prevalence is less than 20%, during July-September. The mean level of vitamin D in men and women GD subjects men and women respectively were 41.3±15.0 and 31.8±13.3 nmol/l. This value is lower than that of a previous study by Kobayashi, who examined 758 healthy subjects in Japan whose mean concentration of 25(OH)D was 59.4 nmol/l (~23.76 ng/ml). Females aged 20-29 years had the lowest vitamin D level and the highest prevalence of vitamin D deficiency. Low levels of vitamin D among young women can be triggered by avoiding sun exposure and the use of sunscreen; men tend to spend more time engaged in outdoor activities. 20, 43 Eleven [41] [42] Cross sectional studies showed there is an association between vitamin D level and GD, including the remission status, however, there is no large prospective study that investigates the effects of vitamin D status on the onset and clinical remission of GD. 21, 58 In animal studies, Misharin investigated the relationship between vitamin D deficiency and hyperthyroidism induced in BALB/c mice.
The study demonstrated that an environmental factor, vitamin D, has only minor effects on induced immunity to the TSHR but that it directly affects thyroid function in mice. 59 The role of vitamin D supplementation on clinical improvement of untreated hyperthyroid patients was reported by Tani in Japan. The 24-week clinical trial involves 30 patients, and aims to study the effects of vitamin D 1,25(OH)2 on the decline of thyroid hormone levels in 30 hyperthyroid patients. The subjects were randomly divided into two groups, the first group www.asean-endocrinejournal.org Vol. 29 During the monitoring period, the total doses of MMI did not differ between the two groups. The levels of FT3, fT4, T3 and T4 decreased significantly and more rapidly in the second group, as well as did the increase in TSH level. The level of TRAb did not differ between the two groups. The study showed the benefits of vitamin D 1,25 (OH)2 supplementation in GD patients but the mechanism was still unknown at that time. However, in experimental animal studies in the same year on the effect of vitamin D on thyrocytes, it may be that he beneficial effects of vitamin D in hyperthyroid patients may be due to a direct effect on the thyrocytes. It is not known whether the clinical improvement is associated with the role of vitamin D in adaptive immune response in GD. It should be explored whether vitamin D influences the maturation of DCs and the activation of T cell or B cell. 60
CONCLUSION
Theoretically, the effects of vitamin D as an immunomodulator influences the tolerance process which consists of the maturation of DC and induction of Treg cell. Impaired immune response in GD may include the activity of APC (DC), the polarization of Th1/Th2 and downregulation of Treg cells. However, whether vitamin D system affects the natural history of GD, still needs to be proven.
Adaptive immune response in GD starts with the stimulation of mature DC with self antigen (TSHR peptide) and activation T helper cell. T helper cell will stimulate B cell to produce autoantibody. Vitamin D may alter the series of immune process in GD through several ways. First, vitamin D will reduce the maturation of DC; second, vitamin D will directly suppressed the Th cell activation; third, vitamin D will hamper the production of autoantibody by the B cell and the fourth, vitamin D will stimulate Treg cell to suppress the activation of Th cells and B cells.
